
UNCLASSIFIED

Defense Technical Information Center
Compilation Part Notice

ADP013908
TITLE: Comparative Study of Integration Schemes Used on Differential
Theory of Gratings

DISTRIBUTION: Approved for public release, distribution unlimited

This paper is part of the following report:

TITLE: 2002 International Conference on Mathematical Methods in
Electromagnetic Theory [MMET 02]. Volume 2

To order the complete compilation report, use: ADA413455

The component part is provided here to allow users access to individually authored sections
A proceedings, annals, symposia, etc. However, the component should be considered within
-he context of the overall compilation report and not as a stand-alone technical report.

The following component part numbers comprise the compilation report:
ADP013889 thru ADP013989

UNCLASSIFIED



MMET" 02 PROCEEDINGS 423

COMPARATIVE STUDY OF INTEGRATION SCHEMES
USED ON DIFFERENTIAL THEORY OF GRATINGS

Koki WATANABE

Department of Information and Communication Engineering
Faculty of Information Engineering

Fukuoka Institute of Technology
3-30-1 Wajirohigashi, Higashi-ku, Fukuoka 811-0295, Japan

E-mail: koki@fit.ac.jp

ABSTRACT

Several integration schemes are applied to the differential method for a sinusoidal-
profiled surface-relief grating made of an anisotropic and conducting material. The nu-
merical results show the importance of the numerical stability and the advantage of the
implicit integration schemes.

DIFFERENTIAL THEORY OF GRATINGS

We investigate the diffraction problem on a surface-relief grating ruled on an aniso-
tropic and homogeneous substrate schematically shown in Fig.1. The grating grooves
are parallel to the z -axis and the equation of the grating surface is y =p(x) where
p(x) is a known periodic function with the period d and the depth h. The region
y > p(x) is filled with a homogeneous and isotropic material described by the relative
permittivity P1 and the relative permeability pt, and the homogeneous and anisotropic
material that fills the region y < p(x) is described by the relative permittivity matrix

E2 and the relative permeability matrix JU2 . We consider only time harmonic fields as-
suming a time-dependence in exp(-iwo t), and deal with the plane incident wave propa-
gating in the direction of polar angle 0 and azimuth angle .
The differential theory [1,2] is one of the most commonly used approaches in the analy-
ses of such gratings. Thanks to the periodic structure, the electromagnetic field compo

~~~' P z/ d = (X)

Figure 1: Geometry of the surface-relief grating under consideration.
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nents can be approximately expanded in the truncated generalized Fourier series [2]; for
example the x -component of E field can be written as

Af (~y z)= E,,,(y)exp[i(ct,,x+y7)] (1)

with 27r

c1)? = k, sinO cos + n 2 , y =k, sinO sin4 (2)
d

where N is the truncation order. k, is the wavenumber in the region y > p(x), and
E ...(y) are the n th-order generalized Fourier coefficients which are functions of y

only. Replacing all the periodic and the pseudo-periodic functions by their Fourier se-
ries and using the Fourier factorization rules [3], Maxwell's curl equations are trans-
formed into a coupled differential equation set in the form of

(eejy)'I e., y)
d e.(y) rY)e wY (3)

J=My h,()h Iy
dv h - y),\ z()",:(Y') K" (i ))

where, for example, e,(y) denotes a (2N + 1) x I colun- matrix generated by the Fou-

rier coefficients of E, and M(y) is the coupling coefficient matrix. Then, the scatter-
ing problem of grating is reduced to an integration problem of the coupled differential
equation set with boundary conditions at the top and the bottom of the groove region.

NUMERICAL RESULTS OF VARIOUS INTEGRATION SCHEMES

One method for integrating the coupled differential equation set (3) is the rigorous cou-
pled-wave method, which introduces the staircase approximation to describe arbitrary
profiled gratings. The real profile in each step is replaced by the structure uniform in the
y -direction, and then the boundary-value problem can easily be turned into an eigen-
value problem because of the absence of the y -dependence. Another approach is based
on the shooting method, which can transform the boundary-value problem into the ini-
tial-value one. The initial-value problem can be solved by usual numerical integration
schemes. In the narrow sense, this approach is called the differential method. In the
method, the Runge-Kutta or the predictor-corrector Adams schemes are suggested for
integration [2,4].
Here, several numerical integration schemes are applied to the differential method for a
sinusoidal grating made of conducting material and the convergences of the TM dif-
fraction efficiencies in -1st-order with respect to the number of the integration steps are
compared in Fig.2. The grating parameters are chosen as follows: ?.0 = 0.6328!un,

0 = 300, 20', d = 0.6p•m, h = 0.5 •un, p(x) (h02)[l + cos(22tx/d)], c, = .•= 1,
F2 ., = F 2., : = -8.19 +i l6.38 , = -v, = -0.495 - i0.106 r,, = F21 ,

= 0, 1 2= I, and TM (H, = 0) polarized incident plane wave. To avoid

the numerical difficulty for deep gratings. we used the scattering matrix propagation al
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